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INTRODUCTION 
As an organism ages, the speed of physiologic processes decreases; or, as 
Carrel has put it, there is a retardation of the rate of flow of physiologic time. 
This retardation  may be attributed  in large part  to changes taking place 
within  those  organismic  devices,  such  as  the  nervous,  circulatory,  and 
endocrine systems, which are concerned with the integration and regulation 
of the various specialized organs and systems.  The speed of a  simple re- 
action to an electric shock, involving as it does these integrative  and con- 
ductive  systems, may be thought  of as dependent  upon  their  physiologic 
ages,  and  consequently  upon  the  rate  of flow of physiologic  time  within 
the organism.  This report presents data on the relationship  of the speed 
of simple reaction to an electric shock to age, thyroidectomy, hypophysec- 
tomy,  and  thyroxin  injection.  Thyroidectomy and  hypophysectomy are 
assumed  to  decrease,  and  thyroxin  injection  to  increase  the  rate  of flow 
of physiologic time. 
Methods 
For the measurement of reaction  time a Dodge pendulum-photochronograph  x was 
adapted for use with small animals in a manner similar to one employed by Munn. ~ 
* The reaction rates were measured in the Department of Psychology; the metabolism 
measurements and related  work were done in the Department  of Dairy Husbandry. 
Grateful acknowledgments are made to Dr. F. A. Courts, Department  of Psychology, 
for collaboration in adapting the Dodge pendulum-photochronograph for use in measur- 
ing reaction time in rats, and to Mr. W. W. Heathman, Department of Dairy Husbandry, 
for collaboration  in hypophysectomy. 
x  Dodge, R. A., A pendulum-photochronograph, 3". Exp. Psychol., 1926, 9, 156.  Hil- 
gard, E. R., Conditioned eyelid reactions to a light stimulus based on the reflex wink to 
sound, Psychological Monograpks, 1931, 41, No. 1. 
Munn,  N. L.,  Developmental psychology, Houghton-Mifflln~ New York,  1938, p. 
107. 
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FIo.  1.  Reaction  rate  as function  of age  in  normal  (circles),  hypophysectomi~ed 
(crosses),  thyroidectomized  (diamonds),  and  thyroid-injected  (triangles)  white rats. 
TABLE I 
De~ations from the ~ormal  of Metabolic Rates of Hypophysec~air~d,  Tlryroidectomi~d, 
and Tkyroxin-Injected Rats 
Per cent devistion from normal 
Injected with  Hypophytectomiffied  Time  since hypo-  Thyroidectomized  Time since thyroid- 
thyroxin  phyJectomy  (mine par  tiany)  ectomy 
+6.0 
+13.4 
+13.7 
+18.0 
+24.6 
+25.1 
+32.0 
+33.2 
+39.6 
+40.9 
+50.0 
+8.0 
+8.O 
+26.0 
+7.0 
+4.0 
+5.0 
--10.3 
--17.2 
--19.8 
--23.3 
--30.8 
--43.4 
--71.9* 
--35.8 
--58.8 
days 
19 
cc 
~c 
~c 
c~ 
32 
I1 
37 
ic 
-5.3 
-9.0 
-9.2 
-26.4 
-11.9 
-13.2 
-26.5 
-8.6 
-15.1 
10 mos. 
c~  ct 
t~  c¢ 
25 da~ 
cc  cg 
3 mo~ 
* This rat died 2  days after the measurements were t~ken. E.  BLOOR  BRODY  435 
The animal was placed in an electrified cage mounted on tambours.  The movement 
of the animal within the cage was recorded by the simultaneous movement of a tambour 
indicator.  Application of the single make shock and an indicator of the moment of 
shock were controlled by a rotating switch tripped by a steel rod borne at right angles to 
the face of the pendulum bob.  The source of electric energy was a storage battery, and 
the strength of the shock was held constant by a Harvard inductorium.  The animal's 
feet were moistened before placing in the electrified  cage.  Measurements were made 
at a temperature of 26-30°C. 
The energy metabolism rate was taken to be the index of the "rate of living" of the 
animals, as modified by age, thyroidectomy, hypophysectomy,  and thyroxin administra- 
tion.  The energy metabolism was measured in an 8-chamber Regnault-Reiset metab- 
olism apparatus, similar  to the one described by Winchester. 8 
The animals were selected at random from uniform stock.  Since rats may live as 
long as 3½ years and the oldest rats employed in the experiment were slightly over 2~ 
years, there was probably no selection due to age.  No correlation was found between 
reaction time and body weight as such. 
RESULTS 
The influence of various factors on reaction time is indicated graphically 
in Fig.  I. 
1.  Endocrine factors.  As indicated  by Fig.  1, manipulation  of the  rate 
of flow of physiologic time (as measured by the rate of energy metabofism) 
by means of thyroxin injection exerted no apparent influence on the speed 
of reaction to an electric shock.  Thyroidectomy, however, caused a  very 
sfight  decrease in  the  speed  of reaction in  that  the  data  points  are  con- 
sistently  on  the  outskirts  of the  normsl  range.  With  one  exception the 
same holds true for hypophysectomy.  (Deviations of the metabolic rate 
of injected,  hypophysectomi~,cd, and  thyroidectomized animsls  from  the 
normal are given in Table I.) 
There is no doubt that the thyroid hormone not only increases general 
body metabolism, but the metabolism of nervous tissue as well, as indicated 
by an increased oxygen consumption in brain tissue of thyroid-fed rats,  ~ 
and by a  higher rate of cortica~ alpha rhythms in hyperthyroid humans.  5 
The failure of thyroxin injection to increase the speed of reaction to an 
electric shock probably indicates that the conductivity of the nervous sys- 
tem is  already  at  its  upper limit in  the normal animal.  The  apparent 
3 Winchester, C. F., Seasonal metabolic and endocrine rhythms in the domestic fowl, 
Univ. Missouri  Agric. Exp. Station Research Bull. No. 315, 1940. 
4 Cohen,  R. A., and Gerard, R. W., Hyperthyroidism and brain oxidations, a  r. Cell. 
and Corap. Physiol.,  1937, X0~ 223. 
5 Ross,  D. A., and Schwab,  R. S., The cortical alpha rhythm in thyroid disorders, 
Endocrinology, 1939, 25, 75. 436  SIMPLE  REACTION  T~  OF  RAT 
decline in reaction speed following thyroidectomy or hypophysectomy is not 
surprising in view of the accompanying profound decline in metabolic rate. 
The limiting factor in this decline in reaction speed may reside not, how- 
ever, in the speed of nervous conduction, but in a lag in muscular contrac- 
tion, perhaps reflecting a lowered muscular tonus. 
2.  Age.  Fig. 1 shows that the reaction rate declines from birth to about 
100 days of age, remains virtually constant between 100 and 500 days, and 
rises steeply following about 2 years of age.  The decline in reaction rate 
between birth and 100 days may indicate the occurrence of a developmental 
change in certain integrative systems, probably primarily neuromuscular. 
The sharp rise in reaction time following age 2 years probably reflects senile 
changes in the conducting nervous system, since endocrine factors as such 
appear only very slightly to affect the reaction time.  These results suggest 
the possibility of using reaction time as a quantitative measure of develop- 
mental rate in early life, and senescence rate at advanced age. 
S~&RY 
Thyroxin injection with associated increases in metabolic rate does not 
significantly affect simple reaction time to an electric shock.  Hypophysec- 
tomy and thyroidectomy with associated decreases in metabolic rate pro- 
duce a  slight decline in reaction speed.  Reaction time is long in young 
animals, probably  due to incomplete development of  certain integrative 
and conductive systems; it remains virtually constant between puberty and 
relatively advanced age when it increases rapidly, probably due to physico- 
chemical changes in the composition of the conducting nervous system. 